Abstract: Objective. Little is known about prevalence of osteoporosis risk factors among American Indians and Alaska Natives (AIAN). Methods. We included AIAN people (n5 8,039) enrolled in the Education and Research Towards Health (EARTH) Study. Prevalence ratios were used to determine cross-sectional associations of risk factors with self-reported bone fractures. results. There is a high prevalence of multiple risk factors for osteoporosis in AIAN, although the factors that are associated with past fracture vary by gender and geographical area. In general, women who reported a fracture reported more risk behaviors, more than two medical conditions, and low physical activity. Men with higher BMI were less likely to report a fracture. Smoking history was associated with fracture for both genders, though not significantly in all sub-groups. Conclusion. We prevent a high prevalence of risk factors for osteoporosis for AIAN. Future research for osteoporosis risk reduction and prevention in AIAN people is indicated.
risk of fracture also varies by ethnicity with no association observed among AI. 3 However, available data also suggest that risk factors for fracture differ by ethnicity. 1 Fracture history and hormone use were most closely related to annualized fracture among American Indian women, whereas risk factors appeared to be universally associated with fracture among women regardless of ethnicity. 1 To our knowledge, no one has addressed these issues among AIAN men.
Given the limited characterization of prevalence of the type and number of risk factors of osteoporosis among AIAN people, the aim of this paper was to report the prevalence of reported adult fracture and risk factors for osteoporosis in AIAN men and women. In addition we evaluate the association of self-reported fracture with risk factors for osteoporotic fracture in both AIAN women and men. the location of the fracture. Participants also were asked the health care facility where the fracture was assessed.
The diet history questionnaire was adapted from the CARDIA diet history to include foods commonly eaten by AIAN people 6 and was validated for use with AIAN in this study. 7 Separate versions of the diet history questionnaire were utilized using foods eaten regionally in Alaska and those eaten by Navajo. Participants were excluded in a stepwise fashion for very high (6500 kcal/d for women, 8000 kcal/d for men) or low (800 kcal for men, 600 kcal for women) reported non-alcohol energy intake (n52,248). Also excluded from the present analysis were 119 for missing fracture data; 11 for missing BMI; and 604 for missing responses to having a diagnosis of arthritis.
We created a risk behavior score based on participants' reported the use of seatbelts and float jacket use, speeding behaviors, and driving or riding in a car or boat after having more than one alcoholic beverage. We created a summary variable of osteoporosis risk factors that included smoking, more than three alcoholic drinks per day, inadequate calcium intake (less than the 1997 Dietary Reference Intake for age and gender, mg/d 8 ), inadequate vitamin D intake (less than 1997 Dietary Reference intake for age and gender, IU/d 8 ), two or more medical conditions and behavior risk scores of three or more. We also created a summary variable to represent the number of medical conditions listed above reported by an individual participant (none, one, or two or more) as an index of overall health.
Menopausal status was determined by women's responses to a series of questions including whether they had experienced menopause, had their ovaries removed, or had a period in the last 12 months. If women reported that they did not know whether they had gone through menopause and were age 60 or older, then menopause was assumed.
Anthropometric measures included height and weight. Measurements were taken in duplicate with the participants wearing loose clothing and no shoes. Weight was measured using Tanita® digital scales (BWP800/BWP627A, Tanita Corporation of America Inc., Arlington Hills, IL). Two measurements were taken (a third was taken if there was greater than a two-pound difference). Standing height was measured with the Road Rod Stadiometer® (Seca, Hamburg, Germany). If the two height measurements differed by more than 1.0 inch, measurements were repeated; the average of the final two measurements was used. The final two measurements were entered and the average was used for analysis.
Statistical analysis. Data were analyzed using SAS version 9.1 (SAS Institute, Cary, NC). Descriptive statistics were used to characterize the study population. Significant differences were noted when p values was less than .05. Prevalence ratios were used to determine cross-sectional associations of risk factors with self-reported bone fractures using GENMOD; data were stratified by the self-reported age at which the fracture occurred (younger than 30, 30-39, and 40 years of age or older) relative to those of similar age without a self-reported fracture, by study center (i.e., Alaska or Navajo) and by gender. Adjustment variables included age, height, tobacco, alcohol use, calcium and vitamin D intakes (above or below recommended levels), number of medical conditions (none, one or two or more), menopausal status, BMI (25, 25-30, 30-35, 35), geographic location of participant, and risk behavior score. Additionally, we restricted analysis to those with reported hip, wrist, or spine fractures (commonly reported osteoporotic fracture sites in other populations) to discern whether their prevalence or the osteoporotic risk factor prevalence among those with these fractures differed from all fractures.
results
The majority of participants were women younger than 50 years of age and having at least a high school education (Table 1) . A little less than half reported being married or living as married and being employed outside the home. Approximately one-third of the participants were overweight (BMI 25-29.9) and more than one-third were obese (BMI 30). A self-reported history of adult fractures was more common in Alaska than in Navajo participants. Almost half of participants reported calcium intakes greater than the Recommended Dietary Intakes, 8 whereas consumption of adequate vitamin D was less common, particularly among Navajo people. The gender specific mean (women 2.4, men 2.3) and median (2 for women and men) for reported osteoporosis risk factors were the same for Navajo and Alaska participants. The gender-specific distribution of number of reported risk factors shifted slightly upwards, with a higher number of reported risk factors among men and women with prevalent self-reported adult fractures (Figures 1 and 2 ). Osteoporosis risk factures included: current smoking, 3 alcoholic drinks, inadequate calcium intake, inadequate vitamin D intake, 2 or more medical conditions and behavior risk scores $3.
We assessed the age group stratified prevalence of fracture and documented risk factors for osteoporosis among those with reported fracture prevalence for Navajo and Alaska participants by gender and both separately and together. Although significance varied between the sites, the only risk factor with significant associations in different Figure 3 . Probability of osteoporosis risk factors among women stratified by age at reported adult fracture. directions was vitamin D intake below the RDA being associated with increased risk among women from Alaska and lower risk among Navajo women less than 30 years of age (Figure 3 ). Both female ( Figure 3 ) and male ( Figure 4 ) participants reporting an adult fracture occurring before the age of 30 more commonly reported smoking (both former and current cigarette smoking in men and current cigarette smoking in women), and had higher reported consumption of alcohol (more than three alcoholic drinks per day). Additionally, in female participants younger than 30 years or 40 years old or older and men ages 30-39, two or more medical conditions and more behavior risk factors (two or more for men, three or more for women) were associated with a higher prevalent self-reported fracture. In female participants younger than 30 and 30-39 years old similar associations of risk factors were observed with the exception that consuming three or more alcoholic drinks per day was associated with greater prevalence of fracture among Navajo women, whereas two or more medical conditions (positive) and fewer than five hours of physical activity per week (negative) were significantly associated among Alaska women. In women 40 years and older, the In the group reporting fractures 40 or older, the upper confidence intervals (CIs) greater than 10 were treated as being equal to 10 to allow for equal scaling on all graphs, causing some CIs to not be symmetric around the Prevalence Ratio estimate. CI 5 Confidence Intervals BMI 5 Body Mass Index associations were similar to those of women younger than 30 years with the exceptions that current smoking was not associated. Alcohol consumption and risky behaviors were positively associated with fracture among Navajo women. Less physical activity (less than five hours per week) and the absence of menopause were associated with less self-reported fracture for all women. In Navajo men between 30 and 39, having a BMI over 25 kg/m 2 was associated with less prevalent fracture than having a BMI less than 25 kg/m 2 . Displaying more risky behaviors was associated with more prevalent reported fracture. In men 40 years and older, both current and cigarette smoking and a BMI between 30 and 35 kg/m 2 were associated with greater prevalence of self-reported fracture for both Alaska and Navajo men whereas medical conditions were positively associated with fractures in the 40 years and older group among men in Alaska only.
We examined the risk of prevalent hip, spine, and wrist fractures, separately from other fractures in each age strata by site and by. In women younger than 30 years old ( Figure 5 ), current cigarette smoking, two or more medical conditions, and three or more risk behavior factors were associated with increased self-reported prevalence of fracture of the hip, spine, or wrist. In women 30-39 years old, only current cigarette smoking was associated with prevalence of self-reported fractures in women in Alaska. In women 40 years of age and older, three or more alcoholic beverages and two or more medical conditions were associated with greater risk of prevalent self-reported hip, spine, and wrist fracture in the Navajo women. In this sub-analysis, moderate-to vigorous physical activity of less than five hours per week was associated with lower prevalence of self-reported fracture in women 40 years old or older. Associations were generally similar across sites, but smoking was the only factor that reached significance among Alaska women.
Two or more medical conditions were associated with greater prevalence of hip, spine, and wrist fractures among Navajo men less than 30 or 30 to 39 years of age ( Figure 6 ). Risky behaviors were associated with increased hip wrist and spine fractures among Navajo men. In Navajo men 40 years or older, former and current smoking were associated with greater prevalence of fracture, whereas having a BMI between 25 and 35 kg/m 2 was associated with lower prevalence of fracture. Prevalence of self-reported hip, spine, and wrist fracture was lower among pre-menopausal women 40 years of age or older than among menopausal women of similar age.
Discussion
The prevalence of self-reported fracture after age 18 in EARTH participants was 20.8%; approximately 5% reported hip, spine, or wrist fracture. Prevalence rates were slightly higher among Alaska Native participants than among Navajo participants. In our study approximately half of the self-reported factures occurred before the participant was 40 years of age. Based on literature suggesting that prior fracture is a risk factor for future osteoporotic fractures, 9,10 these results suggest significant risk of future osteoporotic fracture in this population.
The majority of studies on risk factors for non-traumatic fracture and osteoporosis include only White women. Prevalence data and the etiology of disparities in bone mass and bone loss rate between White and other racial/ethnic groups are not well characterized. 11, 12 Thus, in addition to self-report of previous fracture, we examined other traditional risk factors for low bone mineral density (BMD), including, limited activities of daily living, current tobacco use, daily alcohol use, and low calcium and vitamin D intake in the AIAN. 10 Findings in the present analysis support the association of tobacco and alcohol with higher fracture risk in AIAN people. Chemicals in tobacco and more than three units of alcohol a day may directly affect bone resorption followed by bone formation, resulting in lower BMD. 13 It is unclear whether alcohol consumption in modest amounts may have positive effects on bone health 14 that may explain the lack of significance of this factor among some of the age groups. In the group reporting a fracture after the age of 40 the upper confidence intervals (CIs) greater than 10 were treated as being equal to 10 to allow for equal scaling on all graphs causing some CIs to not be symmetric around the prevalence ratio estimate. CI 5 Confidence Intervals BMI 5 Body Mass Index
In addition to modification of tobacco use and alcohol consumption, dietary consumption of calcium and vitamin D are modifiable risk factors that influence both bone accumulation and loss; however, their association with fracture risk or prevalence is less clear. 15 Most dietary studies of osteoporosis have highlighted the important role of calcium and vitamin D in skeletal health. 15, 16 Although the estimated prevalence of low reported calcium and vitamin D intake was high in the AIAN, there was no association with prevalent adult fractures or hip, spine, and wrist fractures, perhaps relating to issues of study design and population characteristics. Among women who reported an adult fracture before the age of 30, having a low vitamin D intake was associated with increased risk of fracture among the Navajo women and lower risk of fracture in women participating in Alaska. This finding may be spurious or may be related to the lower number of women reporting adequate vitamin D intake in Alaska. Additionally, the present analyses did not include an assessment of difference in sunlight exposure as a potential source of vitamin D. Other confounders or effect modifiers (such as sodium and potassium intake) may contribute to the negative result. 17, 18 Alternately, or additionally, the relatively young age of the sample and the nature of fractures might explain the apparent absence of an association between dietary intake of calcium and vitamin D and prevalent fracture in this study.
Physical activity can increase BMD and decrease risk for osteoporotic fracture. 19, 20 Surprisingly, in our study, lower reported physical activity was associated with lower report of overall fractures, perhaps in this setting higher physical activity represented opportunity for traumatic fracture. Among younger individuals, including the majority of participants in the present study, we expect most of the fractures were traumatic rather than osteoporotic. Among women 40 years of age or older, this finding is more puzzling. Given the cross-sectional nature of the data, we are unable to discern causal path. Therefore, it is important that future studies evaluate associations with physical activity in a prospective manner to clarify the associations with bone fractures in AIAN populations. The association of risky seatbelt, float jacket, and driving behaviors with greater prevalence of adult fracture among men and women less than 30 years of age supports the assumption that many of these fractures were traumatic in nature. However, given data to suggest that prior fracture may represent risk for future osteoporotic fracture, 9, 21 these data suggest that behavioral interventions may similarly be important for fracture prevention in AIAN (especially in men and women younger than 30 years of age).
Other health interventions in the AIAN may also be important for fracture prevention. The presence of two or more chronic medical conditions was associated with more self-reported fractures in at least one of the age group in both women and men. Researchers are actively studying the mechanism(s) in which chronic diseases, such as rheumatoid arthritis (RA), diabetes, peripheral vascular disease, and chronic obstructive pulmonary disease (COPD), alter inflammatory, metabolic and endocrine pathways to adversely affect bone quantity and/or quality. [22] [23] [24] Of interest, adipokines are also elevated in these disease entities irrespective of BMI, and in patients receiving treatment for RA there is both significantly decreasing circulating adiponectin levels and improvement in skeletal health, 25, 26 providing a plausible biologic explanation for our findings of increased prevalence risk ratio for fracture with number of medical conditions simultaneously with lower relative risk with higher BMI in men. The presence of two or more medical conditions may be important to identify AIAN men and women at greatest risk for fracture and allow future directed BMD screening efforts with dual energy x-ray absorptiometry.
Our study population differs from the traditional osteoporosis screening population in that it had a relatively younger mean age and lower frequency of menopause than other studies of osteoporotic fracture risk or bone density. Nonetheless, absence of menopause in women 40 years of age or older was associated with less self-reported all fracture as well as site-specific fractures in the wrist, hip, and spine, supporting a similar age and menopause-related increase in risk among AIAN women as compared to other ethnicities. Within this age strata of women, prevalence of self-reported fracture increased with age independent of menopausal status perhaps highlighting importance of directed screening efforts in AIAN women 40 years and older. 27 The World Health Organization Fracture Risk Assessment Tool (FRAX®) risk factors are traditionally used to guide osteoporosis screening. 9, 21 Although the femoral BMD information on this tool can be stratified by different ethnicities, the risk factors for low bone-mineral density, such as personal history of previous fracture, parental history of hip fracture, corticosteroid use, RA, current smoking, secondary osteoporosis, three or more units of alcoholic beverages is weighted equally among all people. Although it is recognized that independent of ethnicity, multiple risk factors result in more fracture, this study highlights that risk factors for fracture may vary among ethnic groups. 9, 21 Since the most effective approach to bone health is to prevent fractures before they occur, our study suggests that lifestyle interventions may be a cornerstone to therapy in the AIAN. 27 Obesity is prevalent among AIAN people in this study. Obesity has a significant effect on the musculoskeletal system being associated with both degenerative and inflammatory conditions. 28 A recent review indicates contradictory evidence, with some studies indicating that cytokines from fat mass may have beneficial effects on bone, and other studies suggesting that excessive fat mass may be inflammatory and not protect against osteoporosis or osteoporotic fracture. 29 In particular, adiponectin may represent a biomarker in the relationship between visceral fat mass and bone mineral density. 30 In our study, increasing BMI appeared to be associated with less self-reported fracture only in men after adjustment for number of chronic medical conditions and highlights that there may be differences among AIAN women and men in risk factors for prevalent fracture. Although the osteoporosis and risk of hip fracture is often thought of as a problem primarily for women, mortality after fracture is higher among men than among women, making secondary osteoporosis of particular concern among men. 31, 32 The cross-sectional study design used in the present report makes it difficult to know the etiology of the self-reported fractures and introduces potential bias. It is unknown which fractures were traumatic or osteoporotic in nature, or which fractures might be related to risky behaviors or other risk factors. Reliance on self-report of fracture, other medical conditions, physical activity patterns and dietary intake introduces potential for significant error in those measures resulting in attenuation of estimates of risk. Previous use of medications that affect bone health, such as prednisone, anti-epileptics, and hormone replacement therapies, were not considered in these analyses.
Nonetheless, our study has determined that the prevalence of multiple risk factors for osteoporosis is high in this population of AIAN people, even though the sample is relatively young on average. Thus, the traditional prescriptions of smoking cessation, responsible use of alcohol and avoiding driving or boating after its use, and appropriate of seatbelts or float jackets appear to be entirely applicable for fracture prevention in AIAN. Physical activity patterns in the AIAN should be studied for their relation to incident fracture. Directed osteoporosis screening efforts for AIAN men and women with two or more medical conditions or the presence of two or more osteoporosis risk factors may be useful in locations where dual energy x-ray absorptiometry is not possible. Further research of fracture risk in these populations should investigate the specific osteoporosis risk factors associated with fragility fracture in AIAN.
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